Purpose: Bariatric surgery (BS) is becoming an increasingly frequent treatment option especially in people with morbid obesity, demonstrating that it is able to reduce total mortality and cardiovascular (CV) risk. Despite endothelial dysfunction is an essential requisite contributing to atherosclerosis and predicting CV events, only some studies have investigated the effects of BS on endothelial function with controversial results. In this study, the effects of weight loss on endothelial function were investigated in obese patients after BS and compared with patients after medical nutrition treatment (MNT). Patients and Methods: Seventeen obese patients who underwent BS procedures (9 adjustable gastric bands, 3 gastric by-passes and 5 biliopancreatic diversions) were included in the study and compared with 18 obese individuals who underwent MNT. Endothelial function was investigated by flow-mediated dilation (FMD) of the brachial artery. Also, carotid intima-media thickness (c-IMT) was measured as a marker of subclinical atherosclerosis. Results: At the end of follow-up, the mean weight loss was 18.8% in the BS group and 7.0% in the MNT group. After treatment, FMD significantly decreased in the BS group (mean ± SD before: 9.0 ± 4.7; after: 6.1 ± 2.9%; P= 0.04); however, no significant change was observed in the MNT group (before: 9.4 ± 5.8; after: 8.3 ± 5.3; P= 0.41). The modification of endothelial function was negatively correlated with c-IMT change in the BS group (r= −0.63; P <0.007). Conclusion: A significant endothelial dysfunction occurred following BS but not after MNT. Furthermore, the decline of endothelial function observed in the BS group might have contributed to atherosclerosis.
Introduction
Obesity is a multifactorial disease that develops following a sufficiently prolonged period of time in which energy intake exceeds energy expenditure. Parallel to progressive urbanization, the prevalence of overweight/obesity is continuously rising 1 even among children and adolescents. 2 Therefore, obesity represents a real emergency in the Western world due to its association with many health problems among which reduced life expectancy, 3 compromised quality of life, 4 increased metabolic complications such as diabetes and cardiovascular (CV) morbidity and mortality. 5 The global burden of obesity is also associated with high costs and represents a serious threat to the sustainability of health systems. 6 Therefore, both effective preventive strategies and treatment approaches are urgently needed. At present, the gold standard for the treatment of obesity is medical nutrition treatment (MNT), based on a cognitive behavioral approach aimed at changing lifestyle with appropriate dietary habits and an adequate level of physical activity. 7 However, the MNT is often followed by frequent regain of weight loss especially in people with morbid obesity. In the latter cases, bariatric surgery (BS) is becoming an increasingly frequent treatment option. Despite its costs and possible side effects, BS is now acknowledged to be a relatively safe treatment that is more effective than MNT at least in terms of the amount of weight loss. 8 Although a large body of epidemiological evidence suggests the association between obesity and CV morbidity and mortality, it has not been definitively established that reducing body weight is associated with significant prevention of these outcomes, especially in the case of MNT. However, there is some evidence that BS reduces both CV mortality and CV events. 8, 9 All conditions, including obesity, that are associated with increased CV risk are characterized by endothelial dysfunction 10 which is an established requisite condition for atherosclerosis. 11 Currently, the reference method for in-vivo investigation of endothelial function consists in measuring the ability of dilating the brachial artery after the stimulus of both hypoxia and increasing blood flow, namely flow-mediated dilation (FMD). 12 A large body of evidence has demonstrated that low FMD strongly predicts CV events. 13 To date, only few studies have investigated the effects of BS on endothelial function in terms of FMD demonstrating in general that FMD improves after BS. 14 However, some controversial results have also been reported and some studies have failed to confirm these conclusions. [15] [16] [17] Therefore, in this present study, we investigated the consequences of weight loss on endothelial function, measured as FMD, in obese patients with available data after BS who were compared with obese patients after MNT. major complications following BS and significant comorbidities, including heart failure, coronary heart disease, stroke, chronic kidney disease, liver cirrhosis, chronic respiratory failure and diabetes under medical treatment (with the exclusion of metformin), pregnancy and lactation, lack of release of informed consent. All participants were examined before (0-1 month) and after BS (6-24 months) or MNT (3-18 months). The assignment of the medical intervention was not at the discretion of the investigators and measurements performed were part of clinical procedures of the center. The institutional Ethics Committee ("Palermo 1" of the Policlinico "P. Giaccone" University Hospital) approved the study protocol. All participants accepted informed consent form.
Materials and Methods Participants

Anthropometric Measurements
All measurements were performed in the morning, after overnight fasting. Height and body weight were measured with subjects lightly dressed and without shoes. Fat mass (FM %) and fat-free mass (FFM, kg) body composition were measured by the Bioelectrical Impedance Analysis method (BIA-103, RJL, Detroit, MI, USA/Akern, Florence, Italy) following the manufacturer's equations, as elsewhere described. 19 Body circumference (waist circumference) was measured at the umbilical level as a surrogate measure of visceral adipose tissue.
Cardiovascular Measurement
Echographic scans of both extracranial carotid artery walls were performed with a high-resolution ultrasound 10-MHz linear array transducer (Sonoline G50; Siemens, Germany); the best longitudinal ultrasound scan was stored on digital support. Measurements of intima-media thickness (c-IMT) were later accomplished. The end-diastolic c-IMT of the far wall of right and left common carotid arteries was measured as elsewhere described. 20 The mean value between both carotid c-IMT was calculated according to guidelines. 21 A trained operator performed all the ultrasonographic measurements. A 12-lead electrocardiogram was performed for each participant and the main parameters were obtained automatically using an integrated auto-diagnostic software (Esaote; Firenze, Italy); furthermore, the corrected QT interval for heart rate (QTc) was also evaluated.
Endothelial Function
The endothelial function was evaluated through FMD measurement of the brachial artery A high-resolution ultrasound linear probe (10 MHz, Sonoline G50; Siemens, Germany) was used. A stereotactic clamp with micrometer alignment (EDI Progetti e Sviluppo; Pisa, Italy) immobilized the probe during the test to guarantee image reliability. A sphygmomanometer was cuffed at 220-250 mmHg 2 cm below the antecubital fossa for 300 s to occlude the artery and establish reactive hyperemia. Twenty minutes later FMD measurement, 300 μg of sublingual glyceryl-trinitrate (GTN) was administered to evaluate endothelium-independent dilation. A real-time computed video-analysis of B-mode ultrasound images (FMD Studio; Institute of Physiology CNR; Pisa, Italy) recorded the brachial artery diameter variations. The diameter is detected with subpixel precision with a rate of 25 frames per second. The brachial artery diameters were represented on a graphical interface over a time scale of 9 min. The mean of the measures obtained during the first minute set the baseline vessel size. Both FMD and GTN were calculated as the maximum percentage increase of brachial artery diameter over baseline. These procedures are explained elsewhere. 10, 22 All the FMD tests were performed by the same operator. A trained operator who was blinded to the participant's treatment classification performed all the ultrasonographic measurements. Our intra-observer coefficient of variation for FMD is 2.9%.
Laboratory Analysis
All participants underwent blood sampling in the morning, after overnight fasting. Fasting plasma glucose (FPG), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), triglycerides (Tg) and uric acid concentrations were measured using standard clinical chemistry methods (Glucose HK UV; Tot. cholesterol Mod P/D; HDL cholesterol gen 3 mod P/917; Triglycerides; Uric acid MOD P/917; Roche Diagnostics; Monza, Italy). Friedewald's equation was used to determine low-density lipoprotein (LDL) cholesterol serum. whereas no significant change was observed in the MNT group (P= 0.41) ( Table 2 and Figure 1 ). Contrary to the average trend of FMD in the BS group, four patients of this group (2 GBP and 2 BPD) exhibited a significant increase of FMD following the surgical procedure. Both studied groups had similar values of GTN and c-IMT. The change in 
Discussion
In this study, a significant endothelial dysfunction, measured as FMD, generally occurred following BS to treat obesity. On the contrary, the FMD in obese patients did not change after MNT. Furthermore, the decline of endothelial function that we observed in the BS group might have contributed to atherosclerosis, as suggested by the significant inverse correlation between the change of FMD and that of carotid IMT.
Our results generally disagree with the few available data according to which endothelial function improves following BS, 14 even though not sufficiently robust methods probably supported much of this evidence ( Interestingly, there is no clear evidence that intentional weight loss with MNT in overweight or obese people is associated with a reduction in CV mortality risk. 33 Surprisingly, some epidemiologic studies have paradoxically shown that weight loss is associated with an increased incidence of cardiovascular events, 34 even in subjects who were overweight or obese at baseline. 35, 36 On the contrary, despite some methodological limitations, it has been demonstrated, especially from the Swedish cohort of the SOS study, that bariatric surgery is associated with a significant reduction in the risk of both CV events and mortality. 37 Compromised endothelial function has been associated with unfavorable CV risk as well as with increased overall mortality risk. 38 Therefore, our results seem to be in agreement with an increased health risk at least in the nearly 2-year period following the surgical treatment of obesity. Interestingly, it should be observed that in the SOS cohort the benefits of BS became evident about 6 years after surgery, while in the first months a small but significant increase in fatal CV events was observed compared to the control group. On the other hand, CV events are a consequence of progressive vascular disease that develops over time, so it seems plausible that exclude that a paucity of micronutrients and antioxidants due either to reduced dietary intake or to post-surgery malabsorption may contribute to endothelial dysfunction. Should this be true, it would provide further evidence that nutritional deficiencies need to be promptly identified and treated after BS. In agreement with our results, a recent study observed that individuals undergoing GBP exhibited increased concentrations of several markers of both inflammation and oxidative stress even after 12 months of follow-up, in spite of vitamin supplementation. 42 Similar results were reported by Dadalt et al who observed both a significant decrease in antioxidant concentrations and high levels of inflammatory markers after GBP; they were also able to demonstrate that these values began to improve 2 years after surgery. 43 The average length of follow-up of the BS group was less than 2 years (16 months), so our findings may be due to a premature evaluation, before any improvement could be observed. Interestingly, the 4 cases of BS group in which we found improved FMD had a longer follow-up (18, 23, 23, 25 months). Furthermore, these 4 patients in whom endothelial function improved after BS underwent malabsorptive surgical procedures (2 GBP and 2 BPD). On the contrary, patients of the BS group that exhibited a decrease in FMD (n= 13) in most cases underwent GB (n= 9), a restrictive rather than malabsorptive procedure. Therefore, only about 30% of patients who did not obtain an improvement of endothelial function underwent a malabsorptive intervention. Despite the limited number of patients included in this study that do not allow subgroup analysis, our results might be at least in part explained by the fact that according to different studies endocrine, incretin-mediated effects characterize malabsorptive procedures and they probably induce favorable effects on endothelial function independently of weight loss. 44 Even more recently, it was reported in rats and in man that Roux-en-Y gastric bypass reverses obesity-induced endothelial dysfunction via GLP-1-mediated weight-independent mechanisms. 45 Unlike BS, MNT did not induce any change in FMD.
Noteworthy, before undergoing the procedure, neither the BS nor MNT group exhibited endothelial dysfunction. In fact, the pre-treatment mean FMD could be considered in the normal range; therefore, it seems plausible that the beneficial effects of MNT on endothelial function occur when FMD is markedly impaired or with specific nutritional treatments. 22 This study has some important limitations. First, the number of patients enrolled is too small and does not allow definitive conclusions. Second, the two study groups differed for some physical characteristics such as age and the degree of obesity, two well-known factors that may influence endothelial function. Furthermore, the individual length of follow-up varied greatly between participants and groups, it was shorter in the MNT group than in the BS group. Also, the BS group was too heterogeneous according to the different types of surgical procedures, and this was another possible confounding factor. Indeed, we did not record any indicator of habitual physical activity, a well-known factor that may potentially influence endothelial function. Finally, we did not measure other biomarkers of oxidative stress or inflammation, vitamins and antioxidant concentrations; their evaluation might have allowed an in-depth interpretation of results. However, our study has also some points of strength. The presence of a control group allowed considering specific aspects of BS. The procedure used to measure FMD is more reliable and accurate than those used in the majority of other studies on this subject in past years; furthermore, a single operator performed all measurements of FMD and this contributed to enhancing the reproducibility of the results. There are many potential confounders when measuring FMD. These include dieting before/after surgery. In addition, ketosis may acutely influence FMD and it may easily occur in patients with morbid obesity; the different measurement techniques (especially those used in past years) may have significant reproducibility problems and the change in arm diameter may allow better measurements after surgery. Our study has the merit of having standardized all these factors at the best of current possibilities. Furthermore, despite a certain heterogeneity regarding follow-up length, the mean duration was one of the longest in studies available in the literature.
Conclusion
Bariatric surgery is a safe and effective treatment for successful management of diabetes and obesity. However, there are still uncertainties about clinical outcomes that need to be fully elucidated. Indeed, medical complications could follow BS, even after a long time, that might be potentially harmful and may require adequate nutritional follow-up. Therefore, in order to attain a better understanding of BS implications, well-controlled trials, with follow-up longer than 5 years, to assess specific issues in groups of accurately enrolled homogeneous individuals are warranted.
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